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ABSTRACT 
The s t r u c t u r a l polymorphism of DNA e x h i b i t s e v e r a l 
r i gh t -handed and l e f t -handed conformat ions . However, the 
r e p o r t on the e x t e n t of l e f t -handed Z-DNA formation in mixed 
sequence nDNA i s l a c k i n g . In the p r e s e n t work, the method fo r 
q u a n t i t a t i v e e s t i m a t i o n of Z-BNA i n h ighly polymerized c a l f 
thymus nDNA i s r e p o r t e d . The DNA undergoes B - t o Z - t r a n s i t i o n 
only to an e x t e n t of 15 to 20 p e r c e n t i n v i t r o under adverse 
c o n d i t i o n s . The r e s t of the sequences, a lmost 80 p e r c e n t B-and/ 
o r o the r forms, might be e x e r t i n g masking e f f e c t on the c h a r a c -
t e r i s t i c s of Z-DNA. I t i s t h e r e f o r e no t d e t e c t e d i n e a r l i e r 
s t u d i e s even when s e n s i t i v e measurement t echn iques were 
employed. 
The procedure fo r a f f i n i t y i s o l a t i o n of anti-DNA 
a n t i b o d i e s on DNA-[polylysyl-Sepharose 4 B ] i s d e s c r i b e d . The 
matr ix r e t a i n e d DNA-binding capac i ty over a yea r a f t e r repea ted 
u s e . The DNA-binding p r o t e i n s of SLE serum and nDNA adsorbed 
on the matr ix were e lu t ed a t d i f f e r e n t c o n c e n t r a t i o n s of NaCl. 
Af f in i ty i s o l a t e d IgG from SLE serum showed almost 14- fo ld 
g r e a t e r b ind ing a c t i v i t y with DNA as compared to the IgG i s o l a t e d 
by DEAE c e l l u l o s e chromotography. The o rder of r e a c t i v i t y of 
a f f i n i t y IgG with DNA polymers was nDNA > nDNA (low mol, w t . ) > 
ssDNA. The data sugges t t h a t anti-DNA a n t i b o d i e s i n SLE serum 
recognise sugar-phosphate backbone or the secondary s t r u c t u r e 
of DNA. A f r a c t i o n of these a n t i b o d i e s might r ecogn i se high 
twi s t ed base p a i r r eg ions i n nDNA. 
II 
Poly(dA.dG).poly(dC.dT), capable of forming multiple 
stranded structure has been shown to be potent immunogen in 
goat. The Immuneserum showed anti-DNA antibodies activity and 
cross-reacted with several nucleic acids. The order of 
reactivity was poly(dA.dG).poly(dC.dT) > ssDNA > RNA > nDNA > 
nDNA (low mol. wt.). It appears that the induced antibodies 
are polyspecific and recognise the bases as well as the 
secondary structure of DNA, 
irr 
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I INTRODUCTION 
The fundamental d i s c o v e r i e s of DNA as ' n u c l e i n ' 
(Miescher, 1879) and as ' g e n e t i c m a t e r i a l * (Avery e t a l , 1944) 
a r e the h i s t o r i c a l landmark i n the f i e l d of molecular g e n e t i c s . 
Another impor tan t d iscovery of DNA as r igh t -handed double 
h e l i c a l molecule with two complementary a n t i p a r e l l e l 
po lynuc l eo t i de cha ins held t o g e t h e r by hydrogen-bonding between 
the bases (Watson and Crick, 1953) , genera ted e x t r a o r d i n a r y 
i n t e r e s t among the s c i e n t i s t engaged i n v a r i o u s f i e l d s . Severa l 
workers ( A l i , 1985; S t e l l a r , 1986; Koff ler e t a l , 1971; 
Cohen e t a l , 1971; Tan e t a l , 1982; T a l a l , 1976) found a 
coheren t r e l a t i o n s h i p between immunology and gene t ics i n v a r i o u s 
immunological d i s o r d e r s and in the s t r u c t u r e - f u n c t i o n 
r e l a t i o n s h i p of DNA. Their d e d i c a t i o n appears t o have l a i d down 
an i n t e r e s t i n g bu t s e p a r a t e d i s c i p l i n e of immunogenetics. 
D i f f e r en t conformat ions , A-, B-and C-DNA w i t h i n the r i g h t -
handed family has been solved by X-ray c r y s t a l l o g r a p h i c s t u d i e s . 
The dsRNA and RNA-DNA hybr ids adopt A-conformation s ince 2'-OH 
group of r i b o s e appears to p r e v e n t the formation of B-DNA 
(Tunis and Hears t , 1958; Brahms and Mommaerts, 1964; Tunis -
Schneider and Maestre , 1970; Shih and Fasman, 1971) . The 
d i f f e r e n c e s among these conformations a r e summarized in the 
Table 1 . 
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TABLE 1 
Differences among various conformations of right-handed DNA* 
Form Pi tch(A) 
Residue 
p e r 
t u rn 
I n c l i n a t i o n 
of base p a i r 
from horizon-
t a l 
A ( N a - s a l t , 75% 
r e l a t i v e humidi ty) 
28 11 20 ' 
B ( N a - s a l t , 92% 
r e l a t i v e humidi ty) 
34 **10 
C (Li-salt, 66% 
relative humidity) 
31 9.3 
RNA-DNA hybrid 28 11 20' 
* Source Adams et al, (1981) 
** Varies from 10.0 to 10.5 
3 
1 . Conforraationally Altered DNA:Z-DNA 
The conformational change in an a l t e rna t i ng dG.dC 
copolymer was observed by spectroscopic measurements following 
i t s t ransfer to h igh - sa l t concentration from low-sal t in a 
time course of around twenty minutes (Pohl and Jovin, 1972). 
The X-ray crys ta l lographic s tudies of a double-helix containing 
hexanucleoside pentaphosphate with a sequence of cl(C G C G c Q) 
revealed tha t the copolymer can assume a left-handed double 
h e l i c a l conformation with a n t i p a r e l l e l sugar-phosphate backbone 
in zig-zag arrangement (Wang e t a l , 1979; Drew e t a l , 1980). 
This novel conformation, analogous to tha t observed in h igh - sa l t , 
was termed as Z-DNA, 
From various physicochemical s tudies i t has now been 
recognized tha t DNA i s s ign i f i can t ly polymorphic and i t can 
adopt several right-handed as well as left-handed double he l i ca l 
conformations (Dickerson e t a l , 1982; Kennard, 1983; Rich e t a l , 
1984). A number of physical parameters d i f fe r s t r ik ing ly among 
these polymorphs, of which the main differences among A-, B-
and Z-DNA are summarized in the Table 2 . 
The imidazole r ing of guanine i s found prominently on 
the outer p a r t of the Z-DNA with considerable exposure of 
guanine N7 and C8 whereas these atoms are shielded in B-DNA. 
The H-atom of guanine-C8 i s a t the periphery of the molecule 
in Z-DNA while i t i s in van derWaal's contact with the 
sugar-phosphate chain on the outside of the molecule in B-DNA. 
TABLE 2 
Di f fe rences between r igh t -handed and l e f t -handed DNA 
conformations 
i 
C h a r a c t e r i s t i c s of 
DNA 
Conformation of DNA 
B 
1 . Hel ix- type 
2. Immunogenieity 
right-handed 
Immunogenic 
3. Asymmetric unit One base pair 
4. Base pair per 11 
helical turn 
5 . 
6 . 
7 . 
8 . 
9 . 
0 . 
P i t c h he l i x 
In t e rp hosp ha t e 
0-0 d i s t a n c e a long 
the chain 
Rise pe r base p a i r 
a long h e l i x a x i s 
Mean p r o p e l l e r t w i s t 
Base p a i r t i l t i n g 
from h o r i z o n t a l 
He l i x - ax i s Wide 
o 
28A 
o 
5.3A 
o 
2.3A 
+18° 
20° 
stubl 
right-handed left-handed 
Poor immunogen Strong immu-
nogen 
One base pair two base pair 
10.5 12 
o 
34A 
o 
6.6A 
3.32A 
44.6A 
4 . 4 4 
o 
3.8A 
11. Glycosyl angle 
conformation 
helix, with 
bases canted 
sharply to 
the helix 
axis producing 
cavennous 
major groove 
and too shallow 
minor groove 
anti 
+16' 
0^  
Passes through 
the certre of 
base pair 
producing one 
major and 
one minor 
groove 
anti 
-0^ 
falls out-
side of base 
pair producing 
only one deep 
groove analo-
gous to minor 
groove 
anti at 
pyrimidine 
and syn at 
purine 
TABLE 2 (con t inued) 
§ 
Characteristics 
of DNA 
12. Sugar pucker 
conformation 
13. Water of hydra-
tion 
14, Diameter 
15. Example 
Conformation of DNA 
A 
C(3')-endo 
Phosphate 
groups along 
the chain 
are bridged 
o 
22A 
CCGG 
B 
C(2')-endo 
Phosphate 
groups along 
the chain 
are indivi-
dually 
hydrated 
o 
20A 
CGCGAATTCGCG 
Z 
C(2')-endo 
for pyrimidine 
and C(3')-
endo for 
purine 
Same as in 
A but inten-
sely cross-
bridged 
o 
18A 
CGCG 
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The difference in a c c e s s i b i l i t y might contr ibute to the d i s s imi la r 
chemical r eac t iv i t y of the two conformations (Rich e t a l , 1984). 
In the conversion of B- to Z-conformation the purine 
residue ro ta tes about i t s glycosidic bond from a n t i to syn while 
in case of pyrimidines, both the base as well as the sugar 
ro t a t e s about. These ro ta t ions produce zig-zag backbone of 
Z-DNA. Syn adoption of purine favours Z-DNA and is maintained 
in a l t e rna t ion of purine and pyrimidine sequences. Thus, t h i s 
co-base sequence appears to be a b e t t e r candidate for Z-DNA 
formation. One base pa i r out of a l t e rna t ion can sometimes be 
to le ra ted under conditions very favoui^ble for Z-DNA such as 
h igh - sa l t , methylation and bromination of cytosine and presence 
of cobalthexamine t r i ch lo r ide (Wang e t a l , 1985). 
Poly[d(A.br^C).d(G.T)] containing 50 percent A.T base pa i r 
composition undergoes a r eve r s ib l e , highly cooperativeB- to 
Z- t rans i t ion (Mrau e t a l , 1986). Although a l t e r n a t i n g purine 
and pyrimidine residues remarkably favours Z-DNA, i t i s s t i l l 
d i f f i c u l t to generalize sequence-dependent Z-DNA formation 
sinced(GTGTACAC) a l t e rna t e copolymer c r y s t a l l i z e s as A-DNA 
(Jain e t a l , 1987). Potent ia l ly Z-DNA forming sequences are given 
in Table 3 . 
Adenine as well as guanine adopt syn conformation in 
self-complementary Z-DNA-forming sequences (i/^ fang e t a l , 1984; 
Fuj i i e t a l , 1985; Brennan and Sundaralingam, 1985). The 
s t a b i l i z i n g influence of the Z-hel ical s t a t e of the G.C base 
pa i r as opposed to the A.T base pa i r , has been a t t r i bu t ed to the 
TABLE 3 
The Potentially Z-DNA-forming synthetic DNA analogues 
SI 
No! °^^ polymer References 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
P o l y ( d G . d C ) . p o l y ( d G . d C ) 
d(CpGpCpGpCpG) 
P o l y ( d T . d G ) . p o l y ( d C . d A ) 
d(in^CGTACG)2 
d(CGTAGGTACG)2 
d ( b r ^ C . G ) ^ 
d(CGCATGCG)2 
d(m^C.G)^ 
d(CGGGCGTTTTTCGCGCG) 
d(br UGCGCG) 
Poly[d(A.br^C).d(G.T)] 
Poly(dG.m^ dC).poly(dG. 
m^dC) 
Poly(rG.dC).poly(rG.dC) 
Poly (dA.dT) .poly (dA.dT) 
Poly (dA.dC) .poly (dG.dT) 
Pohl and Jovin (1972) 
Wang et al (1979) 
Hamada et al (1982) 
Wang et al (1984) 
Brennam & Sundaralingam 
(1985) 
Westhof et al (1985) 
Genest et al (1987) 
Fujii et al (1985) 
Laigle et al (1986) 
Xodo et al (1986) 
Brown et al (1986) 
Mirau et al (1986) 
Behe (1986) 
Bourtayre et al (1987) 
Ridoux et al (1987) 
8 
guanine C-2 exocyclic amino group. The l a t t e r ( i . e . A.T base 
p a i r ) i s thought to disrupt the spin of hydration in the minor 
groove of B-DNA (Dickerson e t a l , 1982) but to favour the hydration 
pa t te rn of Z-DNA (Wang e t a l , 1984). The bases and sugars are 
equally well hydrated in A-, B- and Z-DNA. In low water -ac t iv i ty 
the phosphate groups are cross-bridged by one or two water 
molecule(s) along the backbone chain inA-^ and Z-DNA whereas free 
hydration of phosphate groups i s observed in B-DNA. The more 
economical hydration in A- and Z-DNA compared to B-DNA in low 
water -ac t iv i ty may be the driving force for the B-»A and B-> Z 
t r ans i t i ons (Saenger e t a l , 1985). 
2 . Relatives of Z-Family of DNA 
The thermal dependency of B- to Z-DNA equilibrium has 
been studied by several workers (Roy and Miles, 1983; Chen e t a l , 
1984; Behe e t a l , 1985) and was used for the determination of 
conformational var ian ts within the Z-DNA family. The spectrosopic 
s tudies of thermal s t a b i l i t y of Z-form of oligonucleotides such as 
d(m^C.G)2 (Genest e t a l ,1984) , d(m^C.G)^ and d(br^C'.G)^ 
(Hartmann e t a l , 1983; 1986) suggest tha t the polymer can 
aggregate in a specia l manner by end-to-end in te rac t ion a t i t s 
higher concentration ( e .g . 10 M) s imi la r to as observed in 
c rys ta l s (Crawford e t a l , 1980), which i s designated as Z . 
o o 
The s table Z conformation dissociated in to individual molecules 
agg 
(the ac tua l Z-DNA) without change in i t s conformation and further 
increase in temperature induces f i r s t a left-handed DNA, the 
X-conformation and then the expected cooperative melting occurs 
9 
in s ingle stranded (SS) form (Genest e t a l , 1987). 
*'agg • ' ^ ^ ^ ^ 
The Z form in which the interproton distance between 
agg 
the terminal GC base pair of two different molecules are in the 
same range as those observed within the helix, depends on the 
concentration of oligonucleotide. For instance,at a concentra-
—5 tion 7.10 M only Z-conformation and not Z„_^ is observed. The 
agg 
atomic coordinates are ava i lab le for Z-DNA oligomer such as 
d(GGCG) refered to as Z*-BNA and two var ian ts Z-I and Z-II for 
d(CG)g (Drew e t a l , 1980; Wang e t a l , 1981). The Z-conformation 
of d(br^CG):, in solut ion a t room temperature (25°C) have several 
cha rac t e r i s t i c s of Z-I form and i s maintained a t 37°C in c rys t a l l i ne 
s t a t e as reported by Chevrier e t a l (1986). The two var ian ts of 
Z-DNA, namely Z-I and Z-II d i f fe r in two important a spec t s . 
1) The diffefences in tors ion angles between the C G and G C 
sequences are 54° and 19° respect ively in the Z-II conformation 
while they are 184° and 149° respect ively in Z-I conformation 
(Drew and Dickerson, 1981). 2) The CH4'-CH5' dis tance i s 1.8A 
o 
in Z-I while 3.5 A in the Z-II form. The l e f t handed X-conformation 
d i f fe r from Z-I mainly in backbone conformation and i t has grea ter 
C H 4 ' - C H 5 ' interproton distance than Z-I form. The two e q u i l i b r i a , 
Z - I ^ Z - I I and the other Z - I ^ X which proceeds the melting of 
the double hel ix , has been reported to occur a t progrecessively 
increasing temperature (Genest e t a l , 1987). Thus i t i s c lear 
t ha t denaturation of Z-DNA i s accompanied by d i f fe ren t t r a n s i t i o n a l 
s t a t e s within the left-handed conformation and in the process of 
10 
melting of double stranded Z-helix following equ i l ib r i a might 
e x i s t . 
Z ^ Z-I ^ X ^ SS 
z - i i 
3 . Antigenic Structure of DNA 
Native DNA appears to be non-immunogenic or shows poor 
immunogenicity, ye t high t i t r e anti-DNA antibodies i s detected 
in several autoimmune d i so rders . Among these, the serum of 
pa t i en t s with ac t ive SLE i s considered to be speci f ic for 
anti-nDNA antibodies (All, 1984), Since nDNA consis ts of 
several s t ruc tu ra l uni t s v i z . purine and pyrimidine bases, 
nucleosides, nucleotides and ssDNA, SLE sera and antibodies 
aga ins t these uni t s raised in experimental animals provide a b e t t e r 
understanding for the ant igenic s t ruc tu re of DNA. 
The anti-DNA antibodies of human SLE and murine monoclonal 
ant ibodies specif ic for nDNA cross - reac t with cordio l ip in 
(Lafer e t a l , 1981a; Koike e t a l , 1982). Some populations of 
these antibodies recognize the backbone of one s trand and may be 
able to reac t with both native and denatured DNA (Koffler e t a l , 
1971). In native he l i ca l DNA the bases are inaccessibly directed 
inward, therefore the base-specif ic antibodies do not react with 
nDNA (S te l l a r , 1981). 
Base-specific antibodies were detected in human SLE 
(Weisbart e t a l , 1982; 1983) as well as in autoimmune mice 
11 
(Munns e t a l , 1984a) in which anti-G and/or ant i-C antibodies 
a c t i v i t y were prominent while considerably l e s se r a c t i v i t y of 
ant i -A, -C, -U and -T antibodies were a lso detected. The major 
epitopes of guanine encompass the N-1, C-6, 0-6 and N-7 atoms and 
C-4 and lT-4 atoms in cytosine dominate the major s t r uc tu r a l 
determinants (Munns e t a l , 1984b). A s imi lar analysis suggest 
t ha t N-1 and 0-6 of guanine and hypoxanthine, N-3 and 0-4 of 
thymine i n t e r ac t s with amino acids of the ant ibodies combining 
s i t e (Zouali and S t o l l a r , 1986a). 
An addi t ional feature of antigen s t ruc ture tha t influence 
antibody ac t i v i t y i s the s ize of DNA. A s ingle antibody combining 
s i t e i s large enough to encompass both backbones of nDNA over an 
extent of two or three base pa i r s and upto five or s ix nucleotides 
long in case of ssDNA (S to l la r , 1975; 1981). The he l i ca l 
fragments of nDNA (40-50 base p a i r ) s ign i f ican t ly binds with SLE 
autoantibodies (Papalian e t a l , 1980) whereas the binding 
efficiency of monoclonal anti-DNA antibodies markedly increases 
from an average of 100 to an average of 150 or so (Ali e t a l , 
1985). This may r e f l e c t a minimal size requirement for the 
maintenance of a p a r t i c u l a r conformation of DNA, 
4 . Antibodies of 2-DNA 
Unlike B-DNA, Z-DNA i s potent iramunogen (Lafer e t a l , 1981b; 
Madaio e t a l , 1984). Z-DNA binding antibodies occur spontaneously 
in the sera of autoimmune MRL mice (Lafer e t a l , 1981b), rheumatoid 
a r t h r i t i s (Sibley e t a l , 1984) and the sera of pa t i en t s with SLE 
(Lafer e t a l , 1983a). One of the i n t e r e s t i ng proper t ies of 
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polyclonal and some monoclonal anti-Z-DNA antibodies i s tha t 
they reac t with Z-DNA even in the presence of high concentration 
of NaCl (Nordheim e t a l , 1981; Lafer e t a l , 1983b). 
Monoclonal antibodies of I-M^ type obtained from MRL/M-
I p r / l p r mice hybridoma se lec t ive ly reacts with Z-DNA and denatured 
ca l f thymus DNA but not with B-DNA (Bergen I I I e t a l , 1987). The 
r eac t i v i t y of monoclonal ant ibodies agains t Z-br-poly (dG.dC) 
with methylated and unmethylated analogues suggest tha t a bromine 
or methyl group a t the 5-posi t ion of the pyrimidine can block 
the antibody binding s i t e which i s l ike ly to be on the convex 
surface of DNA (Zarling e t a l , 1984). 
5 . Antibodies to Triple Helices 
Antibodies has been ra ised against MBSA complexes of double 
stranded and t r i p l e stranded hel ices (S to l l a r , 1975). Anti-
t r i p l e - h e l i x ant ibodies are highly specif ic and can d i f f e ren t i a t e 
t r i p l e stranded s t ruc ture b u i l t on poly (A) from those b u i l t on 
poly (dA) (S to l l a r and Raso, 1974). Rabbit ant ibodies to the 
t r i p l e he l i ca l polynucleotide, poly (A.u.I) were fract ionated 
in to three major antibodies subpopulations, each recognizing 
d i f fe ren t conformational features of the t r i p l e h e l i c a l immunogen 
(Rainen & S t o l l a r , 1977). The in te rac t ion of ant i -poly (A.U.U.) 
antibodies with the polymer suggest tha t 10-11 base chain length 
for oligo (A) and 20-30 base chain length for oligo (U) may be 
the minimum s izes required to maintain s table t r i p l e hel ix of 
poly(A.u.U.) . Modification of the polymer (bromination or 
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ace ty l a t i on ) , could des tab i l i ze while ant i -poly (A.U.U.) a n t i -
bodies s t a b i l i z e s the s t ruc ture (Kitagawa and Okuhara, 1987). 
I t has been suggested tha t t r i p l e he l i ca l nucleic acids may-
be involved in v i r a l r ep l i ca t ion (Bishop e t a l , 1965), gene 
regula t ion (Miller and Sobell , 1966j Br i t ten and Davidson, 1969), 
bac t e r i a l t r ansc r ip t ion (Zubey, 1962) and chromosome s t ruc ture 
(Crick, 1971) ye t t r i p l e he l i ca l forms have not been c lear ly 
demonstrated in v ivo . Therefore, antibodies tha t recognize such 
s t ruc tu res could be useful reagent to t e s t t h e i r presence in the 
na tura l ly occurring nucleic a c id s . 
6. Binding of Anti-Z-DNA Antibodies to Eukaryotic DNA 
Nordheim e t a l (1981) demonstrated tha t anti-Z-DNA 
antibodies bind spec i f ica l ly to polytene chromosomes of Drosophila 
as v isual ized by ind i r ec t immunofluorescence electromicrography. 
The binding was r e s t r i c t e d only to the interband regions and the 
in tens i ty varied among d i f fe ren t interbands in the reproducible 
manner. Similar experiments on polytene chromosomes of Chironomus 
suggest that anti-Z-DNA antibody binding was mainly in the band 
regions (Lemeunier e t a l , 1982). Detail inves t igat ions by 
Arndt-Jovin e t a l (1983) using ant ibodies against brominated and 
methylated Z-DNA analogue suggest t ha t the binding was local ized 
mainly in the band regions of Drosophila as well as Chironomus 
chromosomes and approximately 0.02 to 0.1 percent of DM was in 
Z-form. 
In the vegetat ive ce l l of c i l i a t e d protozoan Stylonichia 
myti lus. the anti-Z-br.poly(dG.dC) anti-bodies bind only to the 
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macronucleus whereas anti-B-BNA antibodies bind both macro-
as well as raicronucleus equal ly . However, no binding was seen 
a t the polytene chromosome stage but there was binding a f t e r 
the DNA elimination (Lipps e t a l , 1983). 
The s a t e l l i t e DNA of Gebus appella (P la ty r rh in i ) contains 
(CA) rich sequence which in v i t r o adopts the Z-conformation 
under topological cons t ra in ts (Malfoy e t a l , 1986). Karyotype 
°^ Gebus species ca r r i e s large amount of strongly R-band-positive 
heterochromatin tha t strongly reac t with Z-DNA antibodies 
(Viegas-Pequignot e t a l , 1983). In con t ras t , the human karyotype 
do not show any binding to K-band-positive heterochromatin 
segments. In s i t u hybridizat ion experiments suggest tha t R-band-
pos i t ive heterochromatic segments of Cebus chromosome strongly 
reac t s with a n t i Z-DNA antibodies (Viegas-Pequignot e t a l , 1986), 
7 . Perspective of Present Study 
Since nDNA i s not immunogenic, the presence of anti-nDNA 
antibodies in SLE and other autoimmune disorders s t i l l poses 
puzzling questions regarding t h e i r possible o r ig in . I t has been 
suggested tha t hormonal disturbances and malfunctioning of 
immunoregulatory network may involve in the autoantibody production, 
A few other views suggest tha t chemically modified DNA or v i r a l 
genomic product or somatic disturbances in host genomic make-up 
may be the causative agent . The r e s u l t s so far reported have been 
unequivocally accepted. The presence of anti-Z-DNA antibodies in 
SLE pa t i en t s and po ten t i a l ly immunogenic behaviour of Z-DNA has 
added another complication to the ex i s t ing i n t r i c a c y . Therefore, 
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conformationally altered DNA may be another candidate for iri vivo 
production of anti-nDNA antibodies. 
The present work discribes the effect of salt and solvent 
concentration on the conformational change in calf thymus nDNA 
measured by UV spectroscopic method. Affinity purification and 
characterization of anti-nDNA antibodies from SLE sera has also been 
described. Induced antibodies against poly(dA.dG).poly(dC.dT), 
a polymer that also attains triple stranded conformation has been 
shown to recognise nDNA,ssDNA and RNA in an inhibition assay. 
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II EXPERIMENTAL 
A. MATERIALS 
1 . Chemicalir 
Calf thymus DNA, nuc lease SI (Asperg i l lu s o r y z a e ) , bovine 
p a n c r e a t i c - DNasel , p o l y - L - l y s i n e , aga rose , bovine serum albumin, 
a n t i - I g G - a l k a l i n e phosphatase con juga te , e thidium bromide, 
Goomassie b r i l l i a n t blue R, complete and incomplete Freund ' s 
ad juvan t , po lydeoxyr ibonuc l eo t ide s , s t anda rd markers of p r o t e i n s 
and DNA (Hind I I I A d i g e s t ) were purchased from Sigma Chemical 
Company, U.S.A. Cyanogen bromide, DEAE c e l l u l o s e , g l y c i n e , 
acrylamide were the products of SRL, I n d i a , p - n i t r o p h e n y l 
phosphate and Blue Dextran-2000 were obtained from CSIR Centre 
f o r Biochemicals , D e l h i . The o t h e r chemicals were of a n a l y t i c a l 
g r a d e . The source of m a t e r i a l s and o t h e r chemicals were as 
given below. 
P o l y s t y r e n e m i c r o t i t e r f l a t bottom ELISA p l a t e , 96 w e l l s , 
7 mm in diameter (Dynatech, U.S.A.)^Sepharose 4B (Pharmacia) , 
a c e t o n i t r i l e (E.Merk, I n d i a ) , N,N'-methyleneblsacrylamide (Reanal , 
Hungary), N,N, iM' ,N'- te t ramethylethylenediamine (Fluke, 
S w i t z e r l a n d ) , bromophenol blue and ammonium s u l f a t e (B.D.H., 
I n d i a ) , Tween-20 (Bio-Rad l a b o r a t o r i e s , U .S .A. ) , sodium az ide 
(Fe rak -Be r l i n , vi/est Germany) and sucrose (Glaxo, I n d i a ) . 
2 . Sera 
Normal human sera were collected from healthy subjects. 
Sera of patients with systemic lupus erythematosus (SLE) were 
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obta ined from AIIM3, New Delhi and t r a n s p o r t e d to the l a b o r a t o r y 
on ice-sodium c h l o r i d e mix tu re . P a t i e n t s with SLE had f e a t u r e s 
meeting the r e v i s e d c r i t e r i a fo r the c l a s s i f i c a t i o n of SLE of 
American Rheumatism Assoc ia t ion (Tan e t a l , 1982) . Antihuman-IgG 
and an t i -po ly(dA.dG) .po ly(dC.dT) immune se ra were r a i s e d in 
r a b b i t s and goats r e s p e c t i v e l y . Al l se ra were s t o r e d in small 
a l i q u o t s a t -20°C with 0.02 pe rcen t sodium az ide as p r e s e r v a t i v e . 
3 . Equipment 
F rac t ion c o l l e c t o r FRAC-100 (Pharmacia) , Bausch and Lomb 
Spec t ron ic 20, Shimadzu spect rophotometer UV-240 and ELISA 
Microplate Reader MR600 (Dynatech) were the major ins t ruments 
used dur ing these s t u d i e s . 
B. METHODS 
1 . Determinat ion of DNA Concent ra t ion 
DNA c o n c e n t r a t i o n was determined by the method of 
Burton (1956) . 
( a ) C r y s t a l l i s a t i o n of diphenylamine 
Diphenylamine (2g) was d i s so lved in 200 ml b o i l i n g hexane. 
Approximately 0 .5 g of a c t i v a t e d animal charcoa l was added. After 
f i l t e r i n g ho t -mix ture through Whatmann No.1 f i l t e r paper , the 
f l i t e r a t e was kep t overn igh t a t 4°C. The r e c r y s t a l l i z e d m a t e r i a l 
was f i l t e r e d and a i r d r i ed a t room t empera tu re . 
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(b) Preparation of dlphenylamine reagent 
750 mg recrystallised dlphenylamine was dissolved in 
50 ml glacial acetic acid containing 0.75 ml concentrated 
sulphuric acid. 
(c) Procedure 
One ml of 1N perchloric acid was added to 1 ml of DNA 
sample. The tubes were incubated in a thermostat water-bath 
at 70°C, Hundred Ml of 5A-.3 mM acetaldehyde was added followed 
by 2 ml of freshly prepared dlphenylamine reagent. The contents 
were mixed and tubes were kept at room temperature for 16-20 
hours. Absorbance was read at 600 nm. The concentration of DNA 
in unknown samples was determined using calf thymus DNA as 
standard (Fig.1), 
2. Protein Estimation 
Protein was estimated colorimetrically by the method of 
Lowry et al (1951). 
(a) Folin-Ciocalteu reagent 
The reagent was purchased from CSIR Centre for Biochemlcals, 
India and diluted with distilled water to 1:4 before use. 
(b) Alkaline copper reagent 
The component of alkaline copper reagent was prepared as 
follows: 
(I) 2 percent Na2C0^ in 0.1N NaOH 
(II) 0.5 percent CuSO^ in 1.0 percent sodium potassium tartrate. 
19 
One ml of ( i i ) was rallied with 50 ml of ( l ) . The reagen t 
was prepared f r e sh ly before u s e . 
( c ) Procedure 
One ml of protein sample was mixed with 5 ml of alkaline 
copper reagent and kept at room temperature for 10 minutes. 
Working Folin-Ciocalteu reagent (1ml) was added to the tubes, 
mixed and left for 30 minutes at room temperature. The absorbance 
was recorded at 660 nm. The concentration of protein in sample 
was evaluated from a standard plot constructed with different 
concentrations of bovine serum albumine (Fig.1). 
3. Physical Modification of DNA 
(a) Cleaning of DNA 
Calf thymus DNA obtained commercially was purified further 
as described by Ali et al (1985). The DNA (2 mg/ml in 0.1 oSC 
buffer, pH 7.3) was mixed with equal volume of chloroform: 
isoamyl alcohol (24:1) in a stoppered cylinder with gentle mixing 
for 1 hour. The DNA in aqueous layer was precipitated with two 
volumes of cold 95 percent ethanol at -20°C and thereafter 
collected on a glass rod. The process was repeated once and 
the DNA was dissolved in 0.03 M acetate buffer, pH 5 containing 
0.03 M ZnClp and treated with nuclease SI (250 units/mg DNA) for 
30 minutes at 37°C. One-tenth volume of 0.2M EDTA was added to 
stop the reaction. The sample was again deproteinated by 
extraction with organic solvents as before and dissolved in 
required buffer. 
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Figure 1. Standard plot for the co lor imet r ic es t imat ion of 
DNA (—•—) and p ro te in ( —p— ) . 
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(b) I s o l a t i o n of DNA fragments 
P u r i f i e d DNA (2 mg/ml i n 0.1M Tris-HCl pH 7, 10 mN MgCl2) 
was d i g e s t e d wi th bovine p a n c r e a t i c DNasel (10 Mg/mg DNA) f o r 
5 minutes a t 37°C. The r e a c t i o n was stopped by the a d d i t i o n of 
1/10 volume of 0.1N NaOH c o n t a i n i n g lOmM BDTA. The sample was 
d e p r o t e i n a t e d as b e f o r e , d i s so lved in TBS (10 mM Tr is pH 8, 
150mM NaCl) and passed through a 1,5 cm x 40 cm column of 
Sepharose 4B p r e v i o u s l y e q u i l i b r a t e d with TBS. F rac t ions of 3 ml 
a t 20ml/hr were c o l l e c t e d and monitored a t 260nm. Size of DNA 
fragments was ana lysed by polyacrylamide gel e l e c t r o p h o r e s i s 
(Al i e t a l , 1985) . 
( c ) Modif ica t ion of DNA 
Purified nDNA was heat denatured (Ali, 1984) and modified 
with varying concentration of NaCl, MgCl2 and ethanol. 
4. Immunization Schedule 
(a) Antibodies against normal human IgG (NHIgG) 
DEAE cellulose purified IgG (0.5 ml of 100 Mg/ml in 
PBS, pH 7.4) was mixed with equal volume of Freund's complete 
adjuvant and the suspension was injected intramuscularly into 
the hind limb of rabbit (6-8 months old, weighing 500-800 gm). 
The rabbit was previously bled by cardiac puncture for pre-
immunized serum (Ali and Ali, 1983). subsequent injections were 
given, weekly for four weeks with the same amount of antigen but 
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suspended in Freund ' s Incomplete ad juvan t . Anti-IgG antibody-
a c t i v i t y was measured in the immune serum c o l l e c t e d a f t e r one 
week of the l a s t i n j e c t i o n . 
(b) Ant ibodies a g a i n s t n u c l e i c ac id polymer 
Goat (approximately 8 months weighing 15 kg)was bled 
through j u g u l a r ve in for preimraune serum. One hundred Mg of 
poly(dA.dG).poly(dC.dT) was complexed with 200 Mg of methylated 
bovine serxim albumin (MBSA) and mixed with Freund ' s complete 
ad juvant (1:1 V/V) to a f i n a l volume of 2 ml. The suspension 
was i n j e c t e d i n t o hind limb of the goat (1 ml in each l i m b ) . 
Af ter a week the second i n j e c t i o n of 200 Mg a n t i g e n was admin i s -
t e r ed as desc r ibed above but in Freund ' s incomplete ad juvan t . 
The goat was bled a f t e r one week of the second i n j e c t i o n to 
ana lyse the a n t i g e n i c i t y of the polymer. 
5 . P u r i f i c a t i o n and I s o l a t i o n of IgG 
(a) P r e p a r a t i o n of crude immunoglobulin 
All serum samples were decomplemented a t 56 C for 30 minutes, 
3.5 ml of s a t u r a t e d ammonium s u l f a t e s o l u t i o n was slowly added 
with gen t l e shaking to 6.5 ml of serum sample in co ld . After 
30 minutes a t 4 C the p r e c i p i t a t e d immunoglobulins were c e n t r i -
fuged a t 10,000 rpm for 15 minu tes . The sample was d i s so lved 
and d ia lyzed a g a i n s t lOmM phosphate bu f fe r , pH 8 . 0 . 
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(b) DEAE c e l l u l o s e chromatography 
Dialyzed crude immunoglobulins were loaded onto a 
p r e v i o u s l y e q u i l i b r a t e d DEAE c e l l u l o s e column (1.5 cm x 25 cm). 
The unbound p r o t e i n s were washed off with lOmM phosphate buf fe r 
pH 8 . 0 . The bound p r o t e i n s were e lu t ed with l i n e a r i o n i c 
s t r e n g t h g r a d i e n t of 10mM-300mM phosphate bu f fe r pH 8 , 0 . F r a c t i o n s 
of 5.0 ml a t a flow r a t e of 20 ml/hr were c o l l e c t e d which were 
monitored a t 280 nm. The f i r s t peak of the chromatogram (F ig .2 ) 
was pooled as IgG and i t s homogeniety was checked by p o l y a c r y -
lamide ge l e l e c t r o p h o r e s i s . A s i n g l e band was observed on 
e l e c t r o p h o r e s i s . 
6 . Af f in i ty I s o l a t i o n of IgG on DNA-[Poly-L--Lysyl Sepharose 4 B ] 
Column 
(a) CNBr a c t i v a t i o n of Sepharose 4B 
15 ml of suppl ied Sepharose 4B was suspended in d i s t i l l e d 
water , f i l t e r e d and washed with 300 ml of water on a s i n t e r e d 
g l a s s funnel (poros i ty G-2). Moist gel (lOg) i n 10 ml of 
2M NapCO, was kep t in an ice-iMaCl bath placed on magnetic s t i r r e r . 
1 .0 g CiNIBr in 0 . 8 ml a c e t o n i t r i l e was slowly added to the ge l 
with gen t l e s t i r r i n g . The r e a c t i o n was allowed for 12 minutes , 
f i l t e r e d on s i n t e r e d g lass funnel , washed with 400 ml of cold 
0.1 M NaHCO, and resuspended in 10 m.l of same b u f f e r . The 
unreac ted Glffir (dra ined e f f l u e n t ) was r eac t ed with FeSO/ to 
conver t i t i n t o harmless f e r r o c y a n i d e . All the s t e p s were 
c a r r i e d in a fume-hood chamter ( A l i , 1984) . 
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Figure 2. Isolation of IgG from an SLE serum by DEAE 
cellulose chromatography. 
35 percent saturated ammonium sulfate precipitated 
serum proteins were loaded onto the column. The 
first peak was pooled as IgG. 
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(b) Coupling of p o l y - L - l y s i n e with a c t i v a t e d Sepharose 4B 
The method descr ibed by v/ilchek (1973) was used . Immediately 
a f t e r CNBr a c t i v a t i o n of the g e l , equal volume of p o l y - L - l y s i n e 
(100 mg in 10 ml of 0.1M NaHCO,) was added to the a c t i v a t e d gel 
and kep t a t 4°C for 12 hrs with slow s t i r r i n g . The buf fe r was 
dra ined out and the ge l washed succes s ive ly with 100 ml each of 
cold ( i ) d i s t i l l e d water ( i i ) 0.1N HCl ( i i i ) 0.1M NaHCO^ and 
( i v ) d i s t i l l e d water t i l l n e u t r a l . The gel was resuspended in 
40 ml a c e t a t e bu f fe r (0.15M, pH 4 . 5 ) . 
(c) Af f in i ty i s o l a t i o n of a n t i b o d i e s 
DNA-[polylysyl-Sepharose] column was e s s e n t i a l l y prepared 
as desc r ibed by Nicot ra e t a l (1982) with minor m o d i f i c a t i o n s . 
P rev ious ly prepared 20 ml po ly lysy l -Sepharose (approx. 5 gm) 
was packed and e q u i l i b r a t e d with 25 ml a c e t a t e bu f fe r i n a 
minicolumn (V^ = 6 m l ) . P u r i f i e d DNA (12.5 ml of 100 Mg/ml in 
a c e t a t e buf fe r ) was loaded onto the gel and unbound m a t e r i a l was 
washed with PBS. Decomplemented serum (1:10 d i l u t e d , 5 ml/2ml 
V^) was passed through the column and washed to remove unbound 
m a t e r i a l with 40 ml of PBS. The bound p r o t e i n was e l u t e d with 
l i n e a r i o n i c s t r e n g t h g r a d i e n t of 0.15M-3M NaCl in lOmM phosphate 
bu f f e r , pH 7 . 4 . F r a c t i o n s were monitored a t 260nm and 280nm as 
well as c o l o r i m e t r i c e s t i m a t i o n fo r p r o t e i n and DNA was done. 
The s p e c i f i c i t y of a f f i n i i y IgG was checked by immunodiffusion, 
gel e l e c t r o p h o r e s i s , ELISA and compet i t ion £H5A, 
26 
(d) Regeneration of the column 
The same column was regenerated several times by washing 
successively with 50 ml each of the followings: (i) distilled 
water (ii) 0.1N HCl (iii) 0.1M NaHCO, (iv) distilled water till 
neutral, 
7. Gel Electrophoresis 
(a) Purification of supplied materials 
The commercially available acrylamide was purified by 
dissolving 70g in 1 liter of chloroform at 50°C. The solution 
while hot was filtered and stored overnight at -20 C, The 
crystals were collected by filtering, washed with cold 
chloroform and dried at room temperature. 
Bisacrylamide was recrystallized by dissolving 10g in 
one liter of acetone at 50°C. After filtering while hot, the 
crystals were collected by cooling to -20 C. Recrystallized 
ammonium persulfate was obtained by preparing its supersaturated 
solution in distilled water at 50°C. The sample was kept at 
4°C for 12 hrs and the crystals thus formed were filtered, 
washed with cold distilled water and dried in dessicator under 
vacuum. 
(b) Polyacrylamide slab gel electrophoresis 
Nondenaturating polyacrylamide slab gel electrophoresis 
was performed according to Laemmli (1970). The following 
solutions were prepared. 
(i) Stacking gel buffer 
(ii) Resolving gel buffer 
(iii) Reservoir buffer 
2? 
0,5M Tris-HGl, pH 6.8 
3.0 M Tris-HCl, pH 8.8 
0.025M Tris, 0.192M glycine, 
pH 8.3 
(iv) Acrylamide-bisacrylamide (30:0.8): 30g of acrylamide and 
0.8 g bisacrylamide was dissolved in disti l led water(in 
a total volume of 100 ml). The solution was filtered 
and stored at 4°C in an amber coloured bottle. 
(c) PAGE procedure 
The glass plates (19cm x l6cm) were thoroughly washed 
with chromic acid, rinsed with disti l led water and acetone, 
dried and sealed with 1% agarose. 7.59^  gel was prepared as 
given below (values are in ml). 
Solutions Stacking gel Resolving gel 
Acrylamide-bisacrylamide 2.50 11.25 
Stacking gel buffer 5.0 -
Resolving gel buffer - 9.50 
Distilled water 11.30 21.50 
1 .5% Ammonium persulfate 1.0 2.75 
TEMED 0.015 0.025 
When polymerization of the gel was completed, the protein 
sample (25-50Mg) containing 10% sucrose and 0.002% bromophenol 
blue was applied and electrophoresed for 5-8 hrs at 10 V/cm. 
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The gel was s tained overnight in 0,1% Coomassie Blue in water: 
methanol: g lac ia l a ce t i c acid (5 :5 :2 ) . Destaining was carr ied 
out in a mixture of 30% methanol containing 10^ 4 g lac ia l ace t ic 
ac id . 
The gel e lect rophoresis of DNA was performed as above 
using continuous gel buffer system (40mFi T r i s , 5mM sod. 
ace t a t e , 1mM EDTA, pH 7 . 9 ) . The DNA bands were v isual ized with 
UV lamp a f t e r s t a in ing with ethidium bromide (iMg/ral), 
8 . Detection and Quantitation of Antibodies 
(a) Immunodiffusion 
The method described by Tan e t a l (1966) for the p r e c i -
p i t i n react ion by Ouchterlony double diffusion was carr ied out 
using glass p e t r i dishes (5cm x 1.5cm). Six ml of molten, 
f i l t e r e d , OA percent agarose in PBS containing 0.1 percent 
sodium azide was poured in glass p e t r i dishes and allowed to 
harden a t room temperature. Twenty five Ml of decomplemented 
sera and antigen were placed in wells (4 mm a p a r t ) . The 
react ion was allowed to proceed for 24-28 hours in a moist 
chamber a t room temperature. The p e t r i dishes were washed with 
5 percent sodium c i t r a t e to remove non-specific p r e c i p i t i n l i n e s . 
The actual l ines were analyzed v isua l ly and the r e s u l t s recorded. 
(b) Counterimmunoelectrophoresis (CIE) 
The method described by Davis and //infield (1974) was 
employed for CIE. Three ml molten agarose (0.6 percent) in 
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25mM barbital buffer, pK 8.4 containing 0.02 percent sodium 
azide was layered onto alcohol cleaned microscopic slide 
(2.5cm X 7.5cm) and allowed to solidify at room temperature. 
.Veils 5 mm apart and 4 mm in diameter were cut and antigen (DNA) 
was placed in cathodal well while decomplemented serum in anodal 
well. t;;iectrophoresis was performed in 50mK barbital buffer, 
pH 8.4 at 3.5 mA per slide. Non-specific precipitin lines were 
washed in 5 percent sodium citrate and examined visually. 
(c) Enzyme linked immunosorbent assay (ELISA) 
(i) Buffers and reagents 
Tris buffer saline (TBS) J 10mM Tris, 150 mM sodium chloride, 
pH 7.4 
TBS-T pH 7.4 Tris (2.4g) , sodium chloride 
(8.0g) , potassium chloride 
(0 .2g) , T^een-20 (0.05%) in 
1 l i t e r so lu t ion . 
Bicarbonate buffer : 0.05M sodium bicarbonate/carbonate 
pH 9.5 containing 2mM magnesium 
chlor ide . 
Substrate p-Nitrophenylphosphate (500Mg) 
per ml in bicarbonate -buffer). 
( i i ) ELISA procedure 
Technique of Zouali and S to l l a r (1986b) with s l i g h t 
modification was used for the detect ion and quant i ta t ion of 
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ant ibodies in SLE and immune serum. All steps were carr ied 
out a t room temperature unless mentioned otherwise. 
Polystyrene microt i t re p la te was incubated with 100 Ml 
po ly-J - lys ine (50 Mg/ml in d i s t i l l e d water) for 30 minutes. 
The p la te was washed three times with TBS and nucleic acid 
antigen (2.5 Mg/ml TBS) was coated for 2 hrs and overnight a t 
4°C followed by washing the uncoated antigen three times with 
TBS -. . The remaining pos i t ive charge was neutral ized with 
poly-L-glutamate (50 Mg/ml in TBS) for 2 hrs and unoccupied s i t e s 
were blocked with 1% BSA in TBS (TBS-BSA) for 4 h r s . Decomple-
mented sera (d i lu t ions in TBS-BSA) were coated for 2 hrs and 
overnight a t 4°C. The unbound materials were washed four times 
with TBS-T and appropriate ant i - IgG-alkal ine phosphatase conjugate 
(1:1500 d i lu t ion in TBS-T) was coated for 2 h r s . After washing 
four times i^ith IBS-T, subst ra te was added and absorbance was 
recorded a t 400 nm with automatic ELISA reader. In each step 
100 Ml of solut ions were coated/added and each sam.ple was run 
in dupl ica te . The control wells were t reated s imi lar ly but were 
devoid of ant igen, 
(d) Inhibi t ion ELISA 
The spec i f i c i ty of antigen-antibody in te rac t ion was 
confirmed by inh ib i t ion experiments (Ali and Ali , 1986). Varying 
amounts of inh ib i to r s (dsDNA, ssDNA, buffalo thymus Rl^ A e t c . ) 
were mixed with a fixed d i lu t ion of a n t i s e r a . The mixtures were 
incubated a t room temperature for 2 hrs and overnight a t 4°C 
and used in ELISA in place of a n t i s e r a . 
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I I I RESULTS 
A. Modification of DNA 
Commercially avai lable ca l f thymus DNA was deproteinated 
and freed from ssDNA as described in experimental sect ion with a 
t o t a l recovery of around 65 percent . Double stranded DNA was 
heat denatured to form ssDNA and the sample showed 31.5 percent 
hyperchromaticity. 
Brief digest ion of calf thymus DNA with DNasel was 
performed in order to prepare small DNA fragments of varying s i z e . 
The digested DNA was fract ionated onto Sepharose 4B column (Fig.3) 
which was previously checked for homogeneous packing by passing 
Blue Dextran 2000 (Fig,3 i n s e t ) . Fractions containing progressive 
smaller DNA fragments were col lected and t h e i r s ize was determined 
on 1.0 percent agarose gel e lect rophoresis in 50 mm Tris -aceta te 
buffer, pH 8.0 containing 5mM EDTA. 
The high s a l t (4M NaCl) conformation (Z-DNA) of poly(dG.dC). 
poly(dG.dG) exhib i t s decrease in absorbance a t 260 nm and an 
increase a t 295 nm as compared to B-conformation in low s a l t 
(Pohl and Jovin, 1972). Therefore, the absorbance r a t i o a 
(ApgQ/A ) decreases while inverse r a t i o a (^295/^250) increases 
for Z-DNA, rfe observed tha t the difference a-a, designated as 
^ provides manageable values for comparison a t various s a l t / 
solvent concentrat ions. 
Although recent reports on the ef fect of high s a l t (Thomas 
and Messner, 1986) and organic solvent (Nara-Inui e t a l , 1985) 
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Figure 3 . F r a c t i o n a t i o n of DNasel d i g e s t e d c a l f 
thymus nDNA on Sepharose 4B column. I n s e t 
shows the homogeneous pack ing of Sepharose 
AB column when checked by p a s s i n g Blue 
Dextran 2000 through the column. 
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concentrations on calf thymus DNA suggest slight conformational 
change as determined by CD spectra, we do not observe any 
appreciable change in UV absorption spectra at 295 nm and 260 nm 
for DNA solution containing 25 percent NaCl (=4.27 M) and 
50 percent ethanol (Fig,4), This led us to evaluate a quantity 
designated as conformational index -^(Zeta) which is defined 
as 
Z = ( ^ --1 ) - 0.9 
o^" ^o~ o^ 
^o 
-0.9 
^r-0.9 
where a^ and a^ are absorbance r a t i o (A c^Z-^ogs^ ^""^ inverse 
absorbance r a t i o (Apnc/Apgp.) respect ively a t zero or very low 
s a l t / s o l v e n t concentration ( i . e . for B-DNA). 
The calculated value of ^ for B-DNA was found to be 0.1 
( i r r e spec t ive of the medium) as ^ becomes equal to C© . Fur ther-
more, ^gis independent of DNA concentration (Fig.5 i n s e t ) . The 
ef fec t of varying concentration of NaCl/ethanol on calf thymus 
DNA ^as evaluated in terms of va r i a t ion in ^ va lues . 
The minimal value of g for calf thymus DNA was -0.007 and 
-0.044 in 25 percent sodium chloride and 50 percent ethanol 
respect ively compared to -0.624 for Z-form of poly(dG.dC).poly(dG.dC) 
(Table 4 ) , The decrease in z values i s shown in Fig.5 and F ig .6 . 
These values suggest a •hindered-conformational pe r tu rba t ion ' 
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Figure 4 . UV a b s o r p t i o n s p e c t r a of c a l f thymus nDNA 
in PBS ( ) , 25 p e r c e n t NaCl ( ) 
and 50 p e r c e n t e t h a n o l ( ) , All samples 
were incuba ted fo r 1 h r a t room t e m p e r a t u r e . 
Native DNA in PBS, was cons idered as B-DNA 
marker . 
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PUgure 5. Effect of NaCl on nDNA. 
Calf thymus nDNA in varying concentrations 
of NaCl was incubated for 1 hr at RT 
( ) and another sample for 1 hr a t RT 
followed by 12 hr a t A C ( I— ) . E values 
were evaluated by absorbance measurements 
a t 260 nm and 295 nm.Z value for Z-form of 
poly(dG,dC)p (—--o---) was caluclated 
s i m i l a r l y . The i n s e t shows ef fec t of DNA 
concentra t ion on ^Q . In a l l UV measurements 
the respec t ive concentrat ion of NaCl was 
used as blank. 
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Figure 6, Effect of ethanol concentration on calf thymus 
nDNA. 
Calf thymus nDNA was treated with varying con-
centrations of ethanol and2values were evaluated 
as described in legend to Figure 5. 
aa 
for nDNA in high salt/solvent systems, approaching to Z-form to 
a limited extent. The results (Fig.6) also suggest a change in 
DNA conformation upto 25 percent ethanol and above 45 percent 
whereas native transition was observed at 35 percent solvent 
concentration. The decrease could not be attributed to aggrega-
tion of DNA by ethanol otherwise a continuous decline in % values 
would have been obtained. 
The decrease in H value was more pronounced (-0,007 to 
-0.036) at longer treatment of DNA with 25 percent NaCl (Fig.5), 
Under these conditions ethanol was found to be more effective for 
change in DNA conformation as compared to sodium chloride. 
Divalent cation MgCl produced nearly similar effect as found in 
case of NaCl. 
B. Antibody Activity in SLE and Immune Sera 
The occurrance of autoantibodies against nDNA, ssDNA 
(Tan et al, 1966) and conformationally altered JNA viz. Z-DNA 
(Lafer et al, 1983; Sibley et al, 1984) have been demonstrated 
in the blood of patients with active SLE. The methods for the 
characterization of autoantibodies has been well reported from 
this laboratory (Ishaq and Ali, 1984; Kumar and Ali, 1984), 
In the present study, anti-DNA antibodies were assayed on 
polystyrene plates precoated with poly-D-lysine prior to DNA 
adsorption. The procedure increases both the sensitivity and 
specificity (Fig.7). Among several SLE sera tested a few shoeing 
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Figure 7 . Comparison of ELISA s e n s i t i v i t y of 
polystyrene p l a t e precoated ivith 
poly-D-lysine for the assay of anti~DNA 
an t ibod ie s . 
Una oa ted ( ) and pre~coated (• ) , 
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high t i t r e anti-DNA a n t i b o d i e s (>1:1600) were s e l e c t e d for f u r t h e r 
i n v e s t i g a t i o n s ( F i g , 8 ) . No p r e c i p i t a t i n g a u t o a n t i b o d i e s a g a i n s t 
nD!fA was found i n ELISA-posit ive SLE se ra by immunodiffusion and 
CIE. 
Goat immunized with poly(dA.dG).poly(dC.dT) complexed to 
MBSA in Freund ' s complete / incomplete adjuvant responded well and 
t h i s polymer was found t o be a p o t e n t immunogen. The a n t i s e r a 
showed a t i t r e of >_1 :6400 ( F i g , 9 ) . The a n t i b o d i e s c r o s s - r e a c t e d 
with nDNA in a d i r e c t b ind ing assay ( F i g . i o ) . The s p e c i f i c i t y 
was checked by compet i t ion ELISA us ing nDNA, ssDNA and buf fa lo 
thymus RNA as i n h i b i t o r . I n h i b i t o r s were mixed with an t i se rum 
(1:200) to a f i n a l c o n c e n t r a t i o n of 0 to 50 Mg/ml, After 
i ncuba t ion a t 37°C for 2 hrs the mixture was used i n p lace of 
serum. Percent i n h i b i t i o n obtained i s shown in F i g . 1 1 , The 
an t i serum was found to be p o l y s p e c i f i c and the order of r e a c t i v i t y 
was poly (dA,dG) .poly (dCdT) > ssDNA > RNA > nDNA > nDNA (low mol. 
w t . ) , 
C, Af f in i ty P u r i f i c a t i o n of Anti-DNA Ant ibodies 
( i ) Column capac i ty 
Af f in i ty column was devised with the ob j ec t i ve of 
i s o l a t i n g homogeneous, high a f f i n i t y anti-DNA a n t i b o d i e s from SLE 
and inunune se ra a g a i n s t DNA ana logues , Po ly -L- lys ine was 
cova l en t l y l inked with depharose 4B s h o r t l y a f t e r a c t i v a t i o n with 
cyanogen bromide. After load ing of DNA onto a 6 ml minicolumn 
of po ly lysy l -Sepharose 4B, the unbound DNA was measured in 
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Figure 8 . Anti-nDNA ant ibodies a c t i v i t y of SLE serum. 
Using nDNA as an t igen , SLE serum sample 
(-—O— ) , an another anti-DNA antibody 
prototype serum ( — • — ) and normal human 
serum (—9 ) were t es ted by ELISA a t 
various d i l u t i o n s . 
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Figure 9 . Reactivity of induced an t ibodies in goat 
aga ins t poly(dA.dG).poly(dC.dT) . 
• Preimraunized ( —o— ) and immunized goat serum 
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Figure 10. Binding of nDNA by induced antibodies 
against poly(dA.dG).poly(dC.dT) . 
Preimmunized ( — O — ) and immune serum 
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Figure 1 1 . Inh ib i t i on of anti-poly(dA.dG).poly(dC.dT) 
antibody a c t i v i t y by various polymers. 
Poly (dA.dG),poly (dC.dT) (---X---), nDNA (—O—) 
ssDNA (—e ) and RNA ( —• ) . The reac t ion 
mixture contained a f ina l concentrat ion of 
i n h i b i t o r s ranging from 0 to 50Mg/ml and a serum 
d i l u t i o n of 1:200. The mixture was incubated 
a t room temperature for 2 hr and a t 4 C for 
4 hr and used in place of serum. 
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e f f l u e n t . F ig .12 sho»«?s t h a t 30 ml r i n s e volume i s s u f f i c i e n t 
t o wash out unbound DNA. The DNA-binding capac i ty of prepared 
po ly ly sy l -Sepha rose was found t o be 240+_17Mg/ml packed g e l . The 
same gel r e t a i n e d i t s DNA-binding capac i ty over a yea r long a f t e r 
s e v e r a l r e g e n e r a t i o n and repea ted use (Table 5 ) . 
( i i ) E l u t i o n p a t t e r n of human SLE serum p r o t e i n s 
In t h i s s tudy , se ra decomplemented a t 56°C fo r 30 minutes 
were used fo r the reason t h a t CI has been known t o bind DNA 
q 
(Agnello e t a l , 1969) . Crude immunoglobulins were p r e c i p i t a t e d 
with 35 pe rcen t s a t u r a t i o n with ammonium s u l f a t e and d ia lyzed 
a g a i n s t PBS pH 7 . 4 . The d i s so lved sample was loaded onto 
DNA-[polylysyl-Sepharose 4 B ] column. The bound m a t e r i a l s were 
e l u t e d apply ing l i n e a r i o n i c s t r e n g t h g r a d i e n t as descr ibed i n 
Exper imenta l . Molar c o n c e n t r a t i o n of sodium c h l o r i d e in the 
f r a c t i o n s was eva lua ted from a s tandard p l o t by conduc t iv i t y 
measurement ( F i g . 1 3 ) , Two peaks a t 0.30M and 1.20M sodium 
c h l o r i d e with absorbance r a t i o (APCQ/^POQ) of 0.572 and 1.850 
were emerged (F ig .14) i n d i c a t i n g p r o t e i n in f i r s t peak and DNA 
i n the second peak . Co lo r ime t r i c e s t i m a t i o n of p r o t e i n and DNA 
in peak f r a c t i o n s confirmed the above s t a t e m e n t . 
Ins tead of crude IgG, d ia lyzed SLE serum sample was a l s o 
passed through the column. The e l u t i o n was performed by two 
d i f f e r e n t g r a d i e n t s of molar i ty 0 .1-1 .OM NaCl and 1.0-3.0M NaCl in 
0.01 M phosphate buf fe r pH 7 . 4 . The p r o t e i n peaks a t 0.30M, 0.55M 
and 0.65M sodium c h l o r i d e (F ig .15) with a comparative DNA-binding 
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Figure 12. Elut ion p ro f i l e of unbound nDNA from 
polylysyl-Sepharose 4B column. 
Before regenerat ion ( —o— ) and a f t e r 
severa l regenerat ions ( — • — ) . The 
data were used to evaluate the binding 
capacity and s t a b i l i t y of the column. 
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TABLE 5 
Binding parameters of nDNA on po ly lysy l -Sepharose 4B column 
Experimental 
conditions 
Before 
regeneration 
After first 
regeneration 
Total DNA 
loading 
1250 
1250 
DNA 
DNA 
washed 
90.5 
112 
concentration in Mg 
DNA 
bound 
1160 
1138 
Specific DNA 
loading:Mg/ml 
packed gel 
233 
227 
After several 
regenerations 
2000 702 1298 260 
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Figure 13» Standard p lo t for the evaluat ion of NaCl concen-
t r a t i o n in phosphate buffer (Pj^) pH 7A by conduc-
t i v i t y measurements. 
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Figure 14. Immunoaffinity isolaticbn of anti-nDNA ant ibodies 
on DNA-[polylysyl-Sepharose 4 B ] column. 
35 percent ammonium su l fa te p r ec ip i t a t ed SLE serum 
pro te ins were passed through the column and bound 
p ro te in ( f i r s t peak) as well as the immobilized 
ant igen (DNA) (second peak) were e luted s imul t a -
neously applying l inea r gradient ( ) of NaCl 
(0.15 to 3.0 M) in P^ buffer. Inse t shows immuno-
r e a c t i v i t y of goat anti-NHIgG serum (centre ,C) 
with NHIgG (1) and f i r s t peak (2) but non- reac t iv i ty 
with second peak (3) and serum albumin ( 4 ) . 
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Figure 15. Elut ion p ro f i l e of SLE serum pro te ins on DNA-
[polylysyl-Sepharose 4 B ] column, 
Decomplemented SLE serum was applied to the 
a f f i n i t y column and bound p ro te ins were e lu ted 
applying l i n e a r gradient ( ) of NaCl 
(0.15 M to 1.0 M) in phosphate buffer , pH 7 . 4 . 
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ratio 4:1:1.4 was obtained while immobilized DNA was eluted at 
the same molar concentration (Fig.16). Further washing with 5M 
sodium chloride in 0.01M phosphate buffer pH 7.4 do not exhibited 
any peak and the column still retained its identity without 
any damage. 
The circulating immune complex in SLE serum has been well 
documented (Davis et al, 1978; Sano and Morimoto, 1981). Treatment 
of protein peaks with IN perchloric acid and 5 percent trichloro-
acetic acid for 20 minutes in boiling water-bath showed no 
detectable amount of DNA in the supernatant by colorimetric method, 
suggesting uncompleted DNA binding proteins in the peak fractions. 
(iii) Characterization of the peaks 
High titre anti-IgG immune serum (1:16 by immunodiffusion) 
raised in rabbit against DEAE cellulose purified normal human IgG 
reacted with first protein peaks forming a single precipitin 
line of complete Identity (Fig.i4 inset). Native slab gel 
electrophoresis was performed to check the homogeniety of the 
isolated IgG. A little contamination of serum albumin was found 
which was overcome in later experiments by saturating the total 
positive charge on matrix with increased amount of DNA (Table 5). 
The anti-DNA antibody activity of affinity IgG was assayed with 
ELISA and compared with DEAE cellulose purified ^LE IgG (Fig.17). 
Affinity-IgG at a concentration of 20 Mg/ml was sufficient to 
saturate all the reactive epitopes of coated nDNA as further 
increase in its concentration upto lOOMg/ml do not exhibited 
increased activity. Under identical conditions, DEAE cellulose 
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Figure 16, E l u t i o n of DNA bound to p o l y l y s y l - S e p h a r o s e 4B. 
The e l u t i o n was performed by l i n e a r g r a d i e n t 
( ) of NaCl (1 .0 M - 3.0 M) and f i n a l 
washing with 5M NaCl in P^ b u f f e r , pH 7 . 4 . 
S3 
E 
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0.6 H 
0. /iH 
0.2 A 
20 AG 60 80 100 
IgG (Mg/ml) 
Figure 17. Direct binding assay of a f f i n i t y purif ied 
anti-DNA a n t i b o d i e s . 
Affinity pur i f i ed SLE-IgG (—•— ) , DEAE 
ce l lu lose pur i f i ed SLE-IgG (—©— ) and 
normal human IgG (—O— ) , 
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p u r i f i e d SLE IgG was, a l though r e a c t i v e to nDNA, not showed 
s i m i l a r a c t i v i t y t i l l 100Ag/ml IgG c o n c e n t r a t i o n . Almost l 4 - f o l d 
g r e a t e r a c t i v i t y ,vas observed fo r a f f i n i t y - I g G compared to t h a t 
of D£AE c e l l u l o s e p u r i f i e d sample. 
I n h i b i t i o n experiment with nDNA, low molecular weight 
nDNA ( F r . l 6 , F ig .3 ) ssDNA and buf fa lo thymus RNA (Fig .18) showed 
v a r y i n g degree of i n h i b i t i o n with SLE IgG. No i n h i b i t o r y capac i ty 
was shown by RNA and the order of r e a c t i v i t y was 
nDNA > nDNA (low mol .wt . ) > ssDNA. 
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Figure 18 . I n h i b i t i o n i n a f f i n i t y p u r i f i e d SLE IgG antibcxiy 
a c t i v i t y with v a r i o u s DNA polymers . 
The r e a c t i o n mij<ture con ta ined IgG (20Mg/ml) with 
v a r y i n g amount of i n h i b i t o r s (O to 50 Mg/ml) 
nDNA ( — o — ) , DNasel d i g e s t e d , low mol .wt . 
nDNA (—• ) , ssDNA (—c ) and RNA ( -—x—) . 
The o t h e r ei<periraental d e t a i l s were as de sc r ibed 
i n legend to Figure 1 1 . 
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IV DISCUSSION 
The s t r u c t u r a l polymorphism of DNA shovi/ several right-handed 
B- and l e f t handed Z-DNA conformations. The t r a n s i t i o n from 
B- to Z-DNA of po ten t i a l ly Z-DNA-forming sequences l ike a l t e rna t e 
purine-pyrimidine bases have been demonstrated in high s a l t and 
solvent concentrations (Rich e t a l , 1984; Ja^orski e t a l , 1987). 
./e have invest igated the possible Z-DNA formation in highly 
polymerized, mixed DNA sequence of calf thymus. The inves t iga t ion 
was primarily based on the c h a r a c t e r i s t i c UV absorption of Z-DNA 
a t 250 nm and 295 nm. For th i s purpose, Z (Zeta) values for B-
and Z-form of poly(dG,dC)p were evaluated and compared with those 
obtained for calf thymus nDNA a t various NaCl and ethanol 
concentra t ions . Since each molecule of poly(dG.dC)2 possess 
iden t i ca l p roper t i e s , the decrease in 7C value to 0.724 for th i s 
polymer could be a t t r i bu ted due to 100 percent B- to Z- t r ans i t ion . 
However, l imited decrease to an extent of 0.107 to 0.144 was 
observed with nDNA corresponding to around 15 to 20 percent 
t r a n s i t i o n from B- to Z-form (Table 6 ) . 
The undetected Z-DNA formation in calf thymus nDNA in 
e a r l i e r invest igat ions (Thomas and Messner, 1986; Chaires and 
Norcum, 1988) might be due to the masking effect of almost 
80 percent of B- and/or other form of DNA on the d i s t i n c t 
proper t ies of induced Z-DNA. 
Polylysyl-Sepharose 4B, an effect ive matrix for the 
immobilization of DNA in flow system (Nicotra e t a l , 1982) was 
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used for affinity isolation of anti-DNA antibodies. In 
addition to a major IgG peak, two other protein peaks of small 
magnitude were eluted with increased concentration of NaCl 
when an SLE serum ivas passed through the affinity column. In 
an another experiment, only IgG was eluted when instead of 
serum, 35 percent saturated ammonium sulfate fraction of 
serum was employed. By increase in the concentration of NaCl 
the adsorbed DNA was eluted and could be recycled. Poly-L-lysine 
covalently linked to Sepharose 4B could be used over and again 
for the adsorption of nucleic acid antigens. The matrix could 
continuously be stored and used over a year without change in 
its adsorption capacity. 
The affinity purified SLE IgG reacted exclusively with 
nDNA and ssDNA. Almost no reactivity was observed with RNA. 
The data suggest that anti-DNA antibodies of IgG class in SLE 
recognise sugar-phosphate backbone or the secondary structure 
of DNA. Interestingly, we observed slight reduced activity of 
these antibodies with DNasel treated DNA (approx, length was 1/5 
of undigested sample). DNasel (EC 3.1.4.5) recognises helical 
grooves and preferentially cuts high twist steps (e.g. T-C) 
much more rapidly in mixed sequence DNA (Drew, 1984). It could 
be assumed that the partial digestion of nDNA with thiis 
endonuclease reduces the torsional stress or the high twist 
steps (base pairs) in calf thymus DNA as compared to undigested 
sample and could account for slight reduced activity of anti-DNA 
antibodies with digested nDNA. The recognition by antibody of 
regions in DNA containing more twisted base pairs might be an 
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a l t e rna t i ve explanation for decreased antibody a c t i v i t y . iJVen 
minor twist in base pa i r s perturb the secondary s t ruc ture of 
DNA. The role of these twisted base pa i r region(s) in nDNA 
for the in vivo production of anti-DNA antibodies could not be 
ruled out . 
Poly(dA.dG).poly(dC.dT), a DNA polymer capable of forming 
multiple stranded s t ruc ture e l i c i t e d high t i t r e antibodies in 
goat . The induced antibodies bind calf thymus DNA to an appreciable 
extent in a d i r e c t binding ELISA. The r eac t iv i t y might be due 
to the presence of common epitopes on both the polymers. 
Cross- react iv i ty of antiserum in competition ELISA was observed 
with nDNA, ssDNA and RNA. However, with these polymers as 
i n h i b i t o r s , 100 percent inh ib i t ion was not achieved. I t seems 
l ike ly tha t the c ross - reac t iv i ty r e f l ec t s the presence of 
polyspecif ic antibodies in immuneserum directed agains t the 
secondary s t ruc ture of DNA having varied conformations. 
I f i s concluded from the present s tudies tha t high 
concentrations of NaCl and ethanol influence the native confor-
mation of calf thymus DNA, The conformational change in calf 
thymus DNA undergoing B- to Z-DNA t r ans i t i on i s r e s t r i c t e d to 
only 15 to TO percent when compared with standard form of 
Z-DNA-the poly(dG.dC)^• Naturally occurring ant ibodies in SL£ 
sera on a f f in i ty pur i f i ca t ion recognise secondary s t ruc ture of 
DNA. Poly(dA.dC).poly(dC.dT) produce high t i t r e antibodies in 
goat which were polyspecif ic recognizing the bases as well as the 
secondary s t ruc ture of DNA. 
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